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Fig. 3 '
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1

MOBILE COMMUNICATION DEVICE WITH
IMPROVED ANTENNA PERFORMANCE

The present invention relates to a mobile communication
device oflering improved antenna performance and to a
method to enhance the performance of a mobile communica-
tion device.

Modern mobile communication devices need to be small
and lightweight but have to support multiple frequency bands

and multiple communication standards, such as GSM (Global
System for Mobile Communication), (W)CDMA ((Wide-

band) Code Division Multiple Access), or LTE (Long-Term
Evolution). LTE, a communication standard of the fourth
generation, 4G, mherently requires two antennas to operate

[ 1

simultaneously. Multi-antenna transmission modes 1 LTE
systems can improve the service capabilities of a communi-
cation device. Therefore, a mobile communication device can
comprise a main antenna and a diversity antenna.

However, current demands towards smaller communica-
tion devices inhibit designers of modern communication
devices to include additional antenna components within
modern communication devices although communication
devices with improved antenna performance are needed. An
improved antenna performance e.g. helps to save battery
power.

From U.S. Pat. No. 7,505,006 B2, an antenna arrangement
comprising a coupling antenna element and an extension
clement 1s known. An antenna element has a first resonant
frequency and a first bandwidth and the extended conductive
clement has a second resonant frequency and a second band-
width. Thus, an antenna arrangement 1s provided that can
cover a broad range of frequencies.

PCT/EP2009/064094 describes a mobile communication
device comprising at least two antennas. At a given time, an
inactive antenna can be terminated by the front-end circuit to
reduce detrimental interaction between the active and the
inactive antennas. Thus, the inactive antenna becomes elec-
trically 1invisible to the active antenna.

It 1s an object of the present invention to provide a mobile
communication device that supports multiple frequency
bands and multiple communication standards, that allows to
be integrated into a small housing, and that has a better
antenna performance.

A mobile communication device according to claim 1 and
a method to enhance the performance of the device according
to claim 13 provide solutions for these objects. The dependent
claims disclose advantageous embodiments of the present
invention.

The present invention provides a mobile communication
device comprising a ground plane, a main antenna compris-
ing a main radiator that can couple electromagnetically to the
ground plane and to the first signal path, a diversity antenna
comprising a diversity radiator and a reconfigurable input
matching circuit that couples the diversity radiator to the
ground plane and to a second signal path. Further, a control
unit 1s coupled to the reconfigurable mput matching circuit
and adapted to change the coupling of the diversity radiator to
the ground plane during operation of the device.

The term “radiator” refers to a radiating element. The term
“antenna’” sums up all elements of an antenna assembly, e.g.
the radiator and the ground plane against which 1t 1s excited.
The communication device comprises a main antenna
wherein the main antenna comprises the main radiator. Fur-
ther, the communication device comprises a diversity antenna
wherein the diversity antenna comprises the diversity radia-
tor.
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Especially at low-band frequencies close to 900 MHz, 1t 1s
challenging to achieve an instantancous wide band 1mped-
ance matching. The term “impedance bandwidth” refers to
the range of frequencies over which a radiator can adequately
be matched to the system impedance, typically to 50£2. Nar-
row impedance bandwidth maps into challenges for obtaining
high total efliciency at low-band edges. At frequencies close
to 1000 MHz, the printed wiring board (PWB) contributes
significantly to radiation and impedance bandwidth. The first
resonance of a PWB with typical handset dimensions 1s
approximately at 1100-1200 MHz. Thus, below 1000 MHz,
typical PWB 1s inherently electrically too short to be 1n reso-
nance and therefore does not contribute optimally to achiev-
ing the widest impedance bandwidth. Therefore, the present
invention provides a technique to electrically lengthen the
PWB. This maximizes the low-band impedance bandwidth
and the total efliciency at band edges.

The control unit can couple the diversity radiator 1n one
mode mainly to the ground plane. In this mode, the diversity
radiator 1s utilized as a PWB extension. The control unit can
reconiigure the iput matching circuit to set a certain cou-
pling which provides an adapted impedance of the diversity
radiator to electrically lengthen the PWB to the resonant
frequency of the corresponding communication channel.
Instead of a simple switch that couples the diversity radiator
either only to the ground plane or only to the signal path, a
matching circuit 1s used. The use of the matching circuit
provides more degrees of freedom to adjust the coupling of
the diversity radiator to the ground plane during operation.

A configuration of the reconfigurable mput matching cir-
cuit which properly terminates an 1mactive diversity radiator
and which 1s implemented in the proposed way noticeably
widens the impedance bandwidth of the active used antenna
and thus improves the total efficiency at band edges.

A diversity radiator 1s required by a communication device
for multi-antenna transmission modes anyway and 1s, hence,
already present in the device. Electromagnetically coupling
the ground plane to the diversity radiator, however, yields a
better antenna performance of the main antenna without the
need to add further radiating elements to the communication
device.

In a mobile communication device according to the present
invention, the main radiator, the ground plane and the diver-
sity radiator work together and act as a radiating element that
has a better performance compared to an antenna assembly
comprising only the main radiator and the ground plane.

In practice, the diversity radiator becomes a radiating part
of the ground plane and 1s increasing the electrical length of
the ground plane.

Coupling a diversity radiator electromagnetically to a
ground plane, e.g. during a communication standard that does
not require multi-antenna transmission modes, 1s not a trivi-
ality: one aspect 1 gaining a lightweight mobile communi-
cation device 1s reducing the weight of the device’s battery.
Then, however, the power consumption of the mobile com-
munication device has to be reduced to allow sufficient time
of operation. The most important step 1n reducing the power
consumption of the mobile communication device 1s to deac-
tivate every component that 1s not needed during a current
operation mode. In multi-antenna transmission modes, the
diversity recerver, and therefore also the diversity radiator,
cannot be deactivated. For example, in GSM communication
mode, the diversity radiator 1s not used for commumnication
and 1s usually inactive together with all diversity reception-
related electronics. In WCDMA, the usage of diversity anten-
nas 1s optional; here, 1t could also be 1nactive or used for other
purposes. It 1s clear that the diversity antenna and 1ts related
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clectronics would be deactivated in WCDMA mode when
saving battery power 1s important.

However, battery power consumption can also be reduced
i the antenna performance 1s enhanced. This 1s because less
power has to be drawn from the power amplifier with better
antenna input matching.

Thus, 1t 1s possible to reduce the power consumption of a
mobile communication device by keeping a diversity radiator
active although 1t 1s not used for multi-antenna transmission
modes.

As the main radiator, the ground plane and the diversity
radiator act as a radiating element, 1t 1s clear that the ground
plane cannot be regarded as being on a strict ground potential.
The ground plane may be electrically connected to a ground
connection but the electromagnetic potential of the ground
plane may not be the electromagnetic potential of a conven-
tional ground.

In one embodiment, the reconfigurable input matching cir-
cuit comprises a tunable capacitor. The diversity radiator can
be connected to the ground plane via a path that comprises the
tunable capacitor. When the capacitance of the tunable
capacitor 1s set to a maximum value, the reactance and the
resistance of the capacitor 1s rather low. Accordingly, the
diversity radiator 1s coupled mainly to ground via a very
low-ohmic path. This setting 1s preferably chosen when the
diversity radiator 1s 1nactive.

However, the capacitance of the tunable capacitor can be
set to a value below a maximum value when the diversity
antenna 1s active. If the capacitance 1s set to a rather small
value, the path comprising the tunable capacitor will be simi-
lar to an open connection. Accordingly, the diversity radiator
does not interact with the capacitor and a signal received by
the radiator does not flow to the ground through the capacitor.

The reconfigurable input matching circuit can further com-
prise a second tunable capacitor and a sensing coil. Further-
more, the reconfigurable input matching circuit can comprise
any number of tunable capacitors andb sensing coils.

Further, to get maximum benefit from the diversity radiator
operating as ground-plane extension, the diversity radiator
should be located as far as possible from the main radiator. It
1s, theretfore, possible to locate the diversity radiator and the
main radiator at opposite ends or sides of an according mobile
communication device to get an optimal performance.

The geometrical dimensions of the ground plane are
important to obtain a good antenna characteristic, too. Fur-
ther, the control unit and the reconfigurable mput matching
circuit can be arranged on the PWB, too.

In one embodiment, coupling the diversity radiator to the
ground plane enhances the performance of the main antenna
in a GSM operation mode, in a WCDMA operation mode, or
in an LTE TDD (TDD=Time Division Duplexing) operation
mode.

An LTE TDD operation mode can also benefit from a
diversity radiator coupled to the ground plane. The diversity
antenna—which may be an MIMO  antenna
(MIMO=Multiple-Input and Multiple-Output)——could be
used to improve the main antenna performance during the TX
slot and used as MIMO or a diversity antenna during the RX
slot. LTE'TDD 1s similar to GSM 1n that aspect that 1s has time
divided TX and RX slots.

In principle, 1t 1s possible to enhance the performance of
the main antenna in any operation mode that does not neces-
sarily need active diversity recerver and corresponding radia-
tor.

In one embodiment, the mobile communication device
comprises two or more main antennas. Further, the mobile
communication device can comprise two or more diversity
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antennas, wherein each diversity antenna i1s connected to a
reconfigurable input matching circuit that couples the respec-
tive diversity radiator to the ground plane and to a diversity
signal path. In this case, the control unit can change the
coupling of each diversity radiator individually to the ground
plane during operation of the device.

Moreover, the present ivention discloses a method for
enhancing the performance of a mobile communication
device. The mobile communication device comprises a
ground plane, a main antenna comprising a main radiator that
can couple electromagnetically to the ground plane and to a
first signal path, a diversity antenna comprising a diversity
radiator and a reconfigurable input matching circuit that
couples the diversity radiator to the ground plane and to a
second signal path. The mobile communication device fur-
ther comprises a control unit coupled to the reconfigurable
input matching circuit and adapted to change the coupling of
the diversity radiator to the ground plane during operation. In
one embodiment, the control unit reconfigures the reconfig-
urable input matching circuit during operation of the device to
change the coupling of the diversity radiator to the ground
plane and to enhance the performance of the main antenna.

Further, during operation of the main antenna with an
inactive diversity antenna, the control unit can reconfigure the
reconfigurable input matching circuit to provide a coupling of
the diversity radiator to the ground plane that 1s lower ohmic
compared to the coupling of the diversity radiator to the
second signal path. During simultaneous operation of the
main antenna and the diversity antenna, the control umit
reconiigures the reconfigurable input matching circuit to pro-
vide a coupling of the diversity radiator to the ground plane
that 1s higher-ohmic compared to the coupling of the diversity
radiator to the second signal path.

Further, the reconfigurable input matching circuit can com-
prise a tunable capacitor, wherein the diversity radiator 1s
connected to the ground plane via a path that comprises the
tunable capacitor. The control unit can set the capacitance of
the tunable capacitor to a maximum value when the diversity
radiator 1s 1nactive and to a value below a maximum value
when the diversity radiator 1s active.

The present invention will become fully understood from
the detailed description given hereinbelow and the accompa-
nying schematic drawings. In the drawings:

FIG. 1 shows an example radiator configuration compris-
ing a main and a diversity radiator.

FIG. 2 A shows reconfigurable input matching circuits con-
nected to a main antenna.

FIG. 2B shows reconfigurable input matching circuits con-
nected to a diversity antenna.

FIG. 3 shows the frequency characteristics of the device
when both radiators are simultaneously matched over band 8.

FIG. 4 shows the impedance seen from the diversity radia-
tor feed point towards the diversity RF front-end module for
different settings of the tunable shunt capacitor.

FIG. 5 shows the impedance matching of the active radiator
for different settings of the tunable shunt capacitor.

FIG. 6 shows the input matching and matching efficiency
of the main radiator.

FIG. 1 shows a mobile communication device. The device
comprises a main radiator MRAD and a diversity radiator
DRAD. Further, the device comprises a printed wiring board
PWB and a plastic bezel BEZ having typical dimensions of a
currently used handset. The plastic bezel BEZ 1s a supporting
part placed on top of the PWB. On top of the plastic bezel
BEZ, the radiators MRAD, DRAD are printed or imple-

mented with flex-film. Accordingly, the bezel BEZ 1s a hous-
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ing for the radiators MRAD, DRAD and for other mechanical
parts of the device which are not shown 1n FIG. 1.

In the device as shown 1n FIG. 1, the two radiators MR AD,
DRAD are dual-branch monopoles implemented using flex-
f1lm assembly 1n the plastic bezel BEZ. The radiators MR AD,
DRAD are positioned at the bottom and at the top of the PWB.
In principle, the relative positioning of the radiators MRAD,
DRAD can be arbitrary. However, the biggest impact on the
active radiator low-band impedance bandwidth 1s achieved
when the radiators MRAD, DRAD are located at opposite
ends of the PWB. Athigher frequencies, e.g. frequencies over
2000 MHz, also higher order PWB resonances start to occur.
Thus, at some frequencies, also other relative radiator posi-
tions can lead to bandwidth improvement.

FIG. 2A and FIG. 2B show schematically reconfigurable
input matching circuits. FIG. 2A shows a reconfigurable input
matching circuit that 1s connected to a main radiator MRAD.
FIG. 2B shows a reconfigurable input matching circuit that is
connected to a diversity radiator DRAD.

The reconfigurable matching circuit, connected to the main
radiator MRAD, comprises a main sensing coil SCOm and a
tunable capacitor TCAm. The main radiator MRAD 1s
coupled to a main signal path SPm. The tunable capacitor
TCAm and the sensing coil SCOm are 1n series 1n the main
signal path SPm. Therefore, the tunable capacitor TCAm 1s
referred to as tunable main series capacitor TCAm 1n the
tollowing.

The main signal path SPm 1s connected to a main front-end
module MFEM. Further, the main signal path SPm 1s con-
nected to ground via an ESD coil ESDCm. The ESD coil
ESDCm protects the tunable capacitor TCAm and the main
front-end module MFEM against electro-static discharge.

The capacitance of the tunable main series capacitor
TCAm can be set by a control unit CU to various values.
Thereby, the control umit CU can adapt the coupling of the
main radiator MRAD to the signal path SPm and to the main
front-end module MFEM. The control unit CU i1s indicated 1in
FIG. 2A and FIG. 2B.

FIG. 2B shows a reconfigurable mput matching circuit
connected to a diversity radiator DRAD. The diversity radia-
tor DRAD 1s electrically coupled to a diversity signal path
SPd. The diversity signal path SPd 1s connected to a diversity
front-end module DFEM. Further, the diversity signal path
SPd 1s connected to ground via an ESD coi1l ESDCd.

The reconfigurable input matching circuit also comprises a
tunable diversity series capacitor TCAd and a diversity sens-
ing coil SCOd 1n series 1n the diversity signal path SPd. In
addition, the diversity signal path SPd 1s connected to ground
via a second path SP2 which comprises a tunable shunt
capacitor TSC. The control unit CU can also change the
capacitance of the tunable shunt capacitor TSC.

A situation wherein the main radiator MRAD and the
diversity radiator DRAD are simultaneously active 1s consid-
ered 1n the following. The transmission and reception occurs
over LTE band 8 which covers the frequency range from 880
MHz to 960 MHz. Accordingly, the radiators MRAD, DRAD
are matched over band 8. To achieve this with the antenna
geometry as shown in FIGS. 2A and 2B and the circuit topolo-
gies, the inductance of the sensing coils SCOm, SCOd are
chosen to be 6 nH for the main sensing coil SCOm and 10 nH
for the diversity sensing coil SCOd. The capacitance of the
tunable main series capacitor TCAm and of the tunable diver-
sity series capacitor TCAd 1s set to 3.2 pF for both capacitors.
The capacitance of the tunable shunt capacitor TSC 1s set to
2.5 pF.

As the tunable shunt capacitor TSC has a rather small
capacitance 1n this setting, the reactance and resistance of the

10

15

20

25

30

35

40

45

50

55

60

65

6

corresponding path SP2 will be rather large. Accordingly, the
path SP2 will act stmilar to an open connection. Therefore,
the radiator DRAD does not interact with the tunable shunt
capacitor TSC and signals do not flow to ground through the
capacitor TSC.

During operation in GSM, the diversity radiator DRAD
can be utilized as ground plane extension. This 1s achieved by
increasing the value of the tunable shunt capacitor TSC to 1ts
maximum value 17.5 pF. The reactance of a capacitor 1s
inversely proportional to the capacitance value with a fixed
frequency. The same applies also for the resistance. Thus,
increasing the capacitance of the tunable shunt capacitor TSC
will correspond to connecting the diversity radiator DRAD to
a lower-ohmic impedance connection. As the capacitance of
the tunable shunt capacitor TSC 1s increased, more and more
signals penetrate through the tunable shunt capacitor TSC to
ground. If the capacitance 1s set to a maximum value, the
diversity radiator DRAD 1s basically grounded.

The selected component values discussed above do not
necessarily present the optimal component values and possi-
bly, several component value combinations could lead to
adequate impedance matching over band 8. Also, the selected
matching circuit topologies are only examples of several pos-
sibilities.

The tuning range of tunable capacitors TCAm, TCAd, TSC
1s typically assumed to be 1:7. Accordingly, the maximum
possible capacitance that 1s achievable with tolerable losses 1s
seven times the minimum possible capacitance.

FIG. 3 shows the frequency characteristics of the main
radiator MRAD and the diversity radiator DRAD for a con-
figuration as discussed with respect to FIGS. 2A and 2B. The
main and the diversity radiator MRAD, DRAD are matched
over band 8. Accordingly, both radiators MRAD, DRAD are
in use. Curve C1 shows the return loss for the main radiator
MRAD. Curve C2 shows the return loss for the diversity
radiator DRAD. It can be gathered from FIG. 3 that the return
loss 1s minimal over the frequency band ranging from 880
MHzto 960 MHz. Curve C3 shows the portisolation between
the two radiators MRAD, DRAD.

FIG. 4 1s a Smith-diagram showing the impedance seen
from the diversity radiator feed point towards the diversity
front-end module DFEM. Curve C4 shows the impedance, 1f
the tunable shunt capacitor TSC 1s set to a low capacitance of
2.5 pF. This corresponds to an active diversity radiator
DRAD. For curve C5, the tunable shunt capacitor TSC 1s set
to 17.5 pF. Accordingly, the diversity radiator DRAD 1s not in
use and 1s utilized as a ground plane extension. Clearly, the
impedance 1s reduced when the capacitance of the tunable
shunt capacitor TSC 1s increased.

FIG. 5 shows the return loss of the main radiator MRAD.
Curve C7 shows the return loss for the main radiator MRAD,
wherein the diversity antenna DRAD 1s 1mnactive and the tun-
able shunt capacitor TSC 1s set to the maximum capacitance
of 17.5 pF. Curve C6 shows the case of an active diversity
antenna DRAD wherein the tunable shunt capacitor TSC 1s
set to a low capacitance of 2.5 pF. This curve 1s 1dentical to
curve C1 of FIG. 3. FIG. 5 clearly shows that the instanta-
neous impedance bandwidth of the active radiator, defined at
-6 dB mput reflection coefficient level, has increased
approximately 15% corresponding to a bandwidth increase of
approximately 14 MHz. In addition to this, the imnput match-
ing at the center of the band has improved noticeably.

FIG. 6 shows the matching efficiencies of the configura-
tions with both diversity radiator matching circuit configura-
tions. Curve C8 corresponds to the situation when the tunable
shunt capacitor TSC has a low capacitance of 2.5 pF. Curve
C9 corresponds to the situation when the tunable shunt
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capacitor TSC has a maximum capacitance of 17.5 pE. The
wider impedance bandwidth obtained with the proposed
PWB extension—as shown in Curve C9—maps 1nto approxi-
mately 0.5 dB improvement in total efficiency at the lowest
edge of band 8 over Curve C8, as sitmulations predict the same
radiation efficiency 1n both cases corresponding to Curves C8

and C9.

LIST OF R

T
i

ERENCE SIGNS

MRAD—main radiator
DRAD—d1versity radiator
PWB—printed wiring board
BEZ—bezel

MFEM—main front-end module
SPm-—main signal path
SCOm—main sensing coil

TCAm—tunable main series capacitor
ESDCm—main ESD coil

CU—control unit

DFEM—diversity front-end module
SPd—diversity signal path
SCOd—diversity sensing coil
TCAd—tunable diversity series capacitor
ESDCd—diversity ESD coil
TSC—tunable shunt capacitor
SP2—path

We claim:

1. A mobile communication device comprising;:

a ground plane;

a main antenna comprising a main radiator that can couple
clectromagnetically to the ground plane and to a first
signal path;

a diversity antenna comprising a diversity radiator;

a reconfigurable iput matching circuit that couples the
diversity radiator to the ground plane and to a second
signal path;

a control unit coupled to the reconfigurable input matching,
circuit and adapted to change the coupling of the diver-
sity radiator to the ground plane during operation,

wherein the reconfigurable mput matching circuit com-
prises a tunable capacitor,

wherein the diversity radiator 1s connected to the ground
plane via a path that comprises the tunable capacitor, and

wherein the capacitance of the tunable capacitor 1s set to a
maximum value when the diversity antenna 1s inactive.

2. The mobile communication device according to claim 1,
wherein the capacitance of the tunable capacitor 1s set to value
below a maximum value when the diversity antenna 1s active.

3. The mobile communication device according to claim 1,
wherein the reconfigurable input matching circuit comprises
a second tunable capacitor and a sensing coil.

4. The mobile communication device according to claim 1,
turther comprising a second reconfigurable input matching
circuit,

wherein the main radiator 1s coupled to the first signal path
via the second reconfigurable mput matching circuit,
and

wherein the control unit 1s coupled to the second reconfig-
urable mput matching circuit and adapted to change the
coupling of the main radiator to the first signal path
during operation.

5. The mobile communication device according to claim 1,

wherein the main antenna and the diversity antenna are speci-
fied for a LTE communication device.
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6. The mobile communication device according to claim 1,
wherein the main radiator and the diversity radiator are
arranged at opposite ends of the ground plane.

7. The mobile communication device according to claim 1,
turther comprising a printed wiring board wherein the ground
plane, the control unit and the reconfigurable input matching
circuit are arranged on the printed wiring board.

8. The mobile communication device according to claim 1,
wherein coupling the diversity radiator to the ground plane
enhances the performance of the main antenna 1n a GSM
operation mode, in a WCDMA operation mode, or in a LTE
TDD operation mode.

9. The mobile communication device according to claim 1,
comprising two or more main antennas wherein each main
antenna comprises a main radiator.

10. The mobile communication device according to claim
1, comprising two or more diversity antennas wherein each
diversity antenna comprises a diversity radiator,

cach diversity radiator being connected to a reconfigurable

input matching circuit that couples the respective diver-
sity radiator to the ground plane and to a diversity signal
path,

wherein the control unit can change the coupling of each

diversity radiator (DRAD) to the ground plane during
operation.

11. A method for enhancing the performance of a mobile
communication device,

wherein the mobile communication device comprises a

ground plane, a main antenna comprising a main radia-
tor that can couple electromagnetically to the ground
plane and to a first signal path, a diversity antenna com-
prising a diversity radiator, a reconfigurable input
matching circuit that couples the diversity radiator to the
ground plane and to a second signal path, and a control
unit coupled to the reconfigurable input matching circuit
and adapted to change the coupling of the diversity
radiator to the ground plane during operation,

wherein the control unit reconfigures the reconfigurable

input matching circuit during operation of the device to
change the coupling of the diversity radiator to the
ground plane and to enhance the performance of the
main antenna,

wherein the reconfigurable input matching circuit com-

prises a tunable capacitor,
wherein the diversity radiator 1s connected to the ground
plane via a path that comprises the tunable capacitor, and

wherein the control unit sets the capacitance of the tunable
capacitor to a maximum value when the diversity radia-
tor 1s 1nactive.

12. The method according to claim 11, wherein during
operation of the main antenna with an inactive diversity
antenna, the control unit reconfigures the reconfigurable
input matching circuit to provide a coupling of the diversity
radiator to the ground plane that 1s lower-ohmic compared to
the coupling of the diversity radiator to the second signal path.

13. The method according to claim 11 or 12, wherein
during simultaneous operation of the main and the diversity,
the control unit reconfigures the reconfigurable mput match-
ing circuit to provide a coupling of the diversity radiator to the
ground plane that 1s higher-ohmic compared to the coupling
of the diversity radiator to the second signal path.

14. The method according to claim 11,

wherein the control unit sets the capacitance of the tunable

capacitor to a value below a maximum value when the
diversity radiator 1s active.

15. A mobile communication device comprising:

a ground plane;
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a main antenna comprising a main radiator that can couple
clectromagnetically to the ground plane and to a first
signal path;

a diversity antenna comprising a diversity radiator;

a reconfigurable mput matching circuit that couples the
diversity radiator to the ground plane and to a second
signal path; and

a control unit coupled to the reconfigurable input matching
circuit and adapted to change the coupling of the diver-
sity radiator to the ground plane during operation,

wherein, during operation of the main antenna with an
iactive diversity antenna, the control unit 1s configured
to reconfigure the reconfigurable mput matching circuit
to provide a coupling of the diversity radiator to the
ground plane that 1s lower ohmic compared to the cou-
pling of the diversity radiator to the second signal path.
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